In Italy, a breeding plan has been adopted in 2005 to increase resistance to scrapie. The 24 effect of selection on genetic diversity of Sambucana, a rare and locally adapted sheep 25 breed, was assessed by analysing the evolution of allele frequencies at different levels: the 26 PRNP (prion protein) gene itself, microsatellites on the same chromosome as PRNP, and 27 microsatellites on other chromosomes, not subjected to selection for resistance to scrapie. 
The analyses were performed on rams only because, before 2005, males were 103 genotyped exclusively. 104
Each cohort was divided into two risk groups according to the selection criteria 105 adopted in the Italian breeding plan against VRQ and in favour of ARR. 'Low risk' rams 106 are ARR/ARR and ARR/non-ARR, except ARR/VRQ, all other animals being considered 107 as 'high risk'. 108 Molecular techniques. Genomic DNA was extracted from blood samples using the 109 NucleoSpin QuickPure extraction kit (Macherey-Nagel, Dueren, Germany). Fourteen 110 microsatellites were chosen on OAR13 (Table 1) Validation of the microsatellite markers. The rate of missing genotypes was 1.4%, and the 147 average error rate per allele was 0.2%. Eleven individual samples were dropped from the 148 dataset because they failed to consistently provide amplification products at all or most loci. 149
The data for 26 microsatellites from 136 individual samples (71 and 65 from the two age 150 cohorts, respectively) were finally analysed. Three markers revealed systematic deviations 151 from HW proportions in both age cohorts whereas seven loci showed significant deviations 152 only after 2005 (Table 1 ). The test for linkage disequilibrium revealed no significance 153 among neutral microsatellites. These results characterized the chosen microsatellites as a 154 useful tool to obtain the goals of our investigation. 155
Analyses of genetic variation of the PRNP gene. All five known PRNP alleles were 156 observed (Table 2) . ARQ was predominant before 2005 when ARH was the least frequent 157 allele. After one generation of selection, ARR doubled in frequency, becoming the 158 predominant allele, whereas ARQ dropped by 38% and VRQ by 69%. ARH was not 159 sampled after 2005; consequently, number of alleles was reduced by one. The reversal of 160 the frequency ratio between ARR and ARQ affected the genotypic frequencies and thus the 161 availability of resistant rams. The percentage of ARR/ARQ rams was 43.7% in the before-162 two age cohorts, respectively. The VRQ-carrier rams decreased from 12.7% to 4.6%. 166
Analyses of genetic variation at the microsatellite loci. The before-2005 and after-167 2005 cohorts were compared for their allelic arrangements (Table 3) . The difference 168 between the two age cohorts, as tested using the F ST statistics, was highly significant for 169 PRNP. Likewise, significant differences were identified at the OAR13 microsatellites for 170 both within and outside PRNP markers. The neutral markers, on the other hand, showed no 171 modification of their allele frequencies after one generation. In Figure 1 the differences for 172 each OAR13 marker separately are plotted versus the distance to the PRNP locus. 173
Microsatellites within PRNP on the overall showed a decline in heterozygosis after 174 the selection plan started (Table 4) . The GD and PIC decreased between the two cohorts by 175 26% within PRNP, but by no more than 2% on the other locations. No decline in number of 176 alleles (A and A g ) was observed on OAR13 whereas, after the selection plan started, the 177 allelic richness increased by 7% at the neutral markers. 178
A detailed analysis of individual markers showed that PRNPS11, which is on 179 PRNP, lost one allele and 59% of its original heterozygosis, whereas PRNPS04 lost 48% of 180 its heterozygosis but no alleles. The other three markers within PRNP showed lower 181 decreases in heterozygosis (16-17%). The OAR13 microsatellites outside PRNP showed 182 only small differences between cohorts except BMS2319, that underwent a pronounced 183 loss of diversity. 184 OAR13 markers outside PRNP after 2005 and neutral markers in both age cohorts 185 showed observed heterozygosis deficiency, characterized by positive and significant F ISaccording to the relative distance of the loci from the PRNP gene and their polymorphism. 189
Changes in each of the two age cohorts were then computed after removal of all 190 'high-risk' rams to ascertain if overall contributions to variability were negligible or not 191 (Table 5) . 192
The cull of the 'high-risk' rams from both age cohorts dramatically decreased the 193 GD T within PRNP (more than 15%) with negative contributions mainly at GD W. In fact, the 194 'high-risk' rams carried more heterozygosis than the selected ones (0.464 vs. 0.307 and 195 0.373 vs. 0.268 for the two age cohorts, respectively). Although to a small extent (less than 196 2%), the selection decreased the GD T also at the OAR13 markers outside PRNP. 197
On the other genomic locations, selectively neutral, the lowest decrease of GD T was 198 observed before 2005, whereas in the succeeding generation the same parameter even 199 showed a small increase. 200
The 'high-risk' rams provided a positive contribution to the allelic richness at the 201 within PRNP markers, but only in the younger cohort. After removal of the same animals, 202 on the OAR13 markers outside PRNP the allelic richness decreased at both within and total 203 levels because the culled rams provided positive contributions. In spite of this, the overall 204 allelic richness did not decrease after 2005 (Table 4) . 205
On the contrary, the first selective action did not decrease diversity on the other 206 chromosomes, where the 'high-risk' rams provided an unfavourable contribution; as a 207 consequence, the cull of these animals gave rise to the gain in A and A g observed in Table 4  208 between the two cohorts. 209 210
Discussion. 211
The main goal of the present analysis was to assess the effect of the selection for scrapie 212 resistance on genetic variability in a small and locally adapted breed at the early stage of a 213 selection programme. Genealogical information can be used to monitor the evolution of 214 genetic diversity. Unfortunately, pedigrees were not available for this breed. Therefore, 215 information from molecular investigation was the best option to assess the effect of 216 selection on the genetic variability (Álvatez et al., 2009) . Unlike simulation studies, based 217 on genetic characteristics of a population, our investigation used real population data both 218 before and after the selection acted. The Sambucana breed was used as a model. 219
Before the selection for scrapie resistance started, the predominant PRNP allele was 220
ARQ. This allele is also predominant in most Italian and European breeds and is thought to The ARR carriers reached a proportion of 78% in only a few years despite the fact that the 230 ARR allele frequency was rather low at the beginning of selection. On the other hand, the 231 ARQ and VRQ frequencies decreased significantly. Because the selection programme did 232 not involve females, the VRQ allele could not be eliminated in a single generation. Overall, 233 the implementation of a mild selection strategy achieved a satisfactory increase in ARR and 234 a large decrease in VRQ. On the other hand, at the beginning of the selection plan 235 implementation, the number of homozygote rams was small, and the use of ARR/ARR 236 males exclusively would have adversely affected the within-population genetic variability 237 through a severe bottleneck. In the future, a changeover to using only homozygote rams 238 will be possible to accelerate the increase in ARR frequency. 239
The selection changed also the variability of the five microsatellites located within 240 the PRNP sequence. In particular, selection for ARR strongly affected PRNPS11. ARR was 241 quite exclusively linked to the PRNPS11-151 allele, whereas the VRQ allele was 242 exclusively linked to the 149 allele. Selection had less effect on PRNPS04, -05, -15, and -243 24, probably because of their low initial informative content. The effect of selection on 244 OAR13 markers outside PRNP seemed to be quite low, with average differences between 245 cohorts very close to zero. This positional relativity of effect has been identified previously; 246 in four French breeds, Palhière et al. (2008) found that the effect on markers at OAR13 247 depended strongly on the relative distance from the selection objective. In Sambucana, 248 selection affected genomic diversity in the immediate vicinity of PRNP, but the effect on 249 more distant loci on the chromosome was trivial. The signature shown by BMS2319 was 250 difficult to trace back to selection for resistance to scrapie because this microsatellite is the 251 most distant from PRNP. 252
With regard to neutral markers, a lack of observed heterozygosis, with no 253 changeover of allele frequencies, was noted in both age cohorts (Table 3 and 
